Objectives-This two part study aimed to determine whether there was an excess mortality generally or for some diseases among middle aged white South African gold miners on the Witwatersrand and whether the underground dust exposure of these miners contributed to the development of lung cancer, chronic obstructive pulmonary disease (COPD), or ischaemic heart disease (IHD). Methods-A cohort of 4925 white miners in South Africa, born between 1 January 1916 and 31 December 1930 who were alive and working in the vicinity of Johannesburg on 1 January 1970, then aged between 39 and 54, was followed up for 20 years by which time 2032 had died. Most were gold miners (about 87% had worked 85% or more of their shifts in gold mines). Standardised mortality ratios (SMRs) were calculated as percentages of the number of deaths observed in the cohort for a condition as stated on the death certificate divided by the number expected on the basis of concurrent mortality in the reference population (the total age specific white male population of South Africa). A case-control analysis was performed for three diseases (lung cancer, COPD, and IHD), the results of which are presented for those miners in the cohort who had spent at least 85% of their service on gold mines and had worked at least 15% of their shifts underground. Results-The SMR for all causes of death was 129-6%, raised because of excess mortality due to the following causes: lung cancer (SMR = 139-8%), IHD 
aged between 39 and 54, was followed up for 20 years by which time 2032 had died. Most were gold miners (about 87% had worked 85% or more of their shifts in gold mines). Standardised mortality ratios (SMRs) were calculated as percentages of the number of deaths observed in the cohort for a condition as stated on the death certificate divided by the number expected on the basis of concurrent mortality in the reference population (the total age specific white male population of South Africa). A case-control analysis was performed for three diseases (lung cancer, COPD, and IHD), the results of which are presented for those miners in the cohort who had spent at least 85% of their service on gold mines and had worked at least 15% of their shifts underground. Results-The SMR for all causes of death was 129-6%, raised because of excess mortality due to the following causes: lung cancer (SMR = 139-8%), IHD (124.1%), COPD (189%) and cirrhosis of the liver(155.3%). Smoking was confirmed to be the main risk factor for lung cancer and COPD although cumulative dust exposure was found to increase the risk of COPD in conjunction with smoking. No significant risk of lung cancer resulted from exposure to dust. High blood pressure and smoking were found to increase the risk of IHD, but no association between IHD and the quetelet index (weight/height2) was found. Conclusions-The most significant and unexpected finding was the 30% increase in the SMR for all causes. Very little of this increase could be attributed to mining and the main factor for this was probably the adoption of an unhealthy lifestyle by these men (compared with other South African white men) particularly smoking (86% were smokers) and alcohol consumption.
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In South Africa gold miners work in stressful conditions of heat and humidity and are exposed to low levels of dust containing a moderate amount of silica and to low concentrations of radon daughters. They are also exposed to unknown concentrations of other atmospheric pollutants, such as nitrous fumes from the blasting operations and exhaust fumes where diesel engines are used.
This two part study aimed to determine whether there was an excess mortality both generally and for certain diseases among middle aged white South African miners, who were currently working on the gold mines in the East Rand, Central Rand, and West Rand gold mining regions of the Transvaal and also whether work in the gold mines contributed to the development of certain of these diseases. The first part was the calculation of standardised mortality ratios (SMRs) in a cohort of 4925 miners at work on 1 January 1970, followed up to the end of 1989, with as a reference population, the total white male population of the Republic of South Africa. The second part was a case-control analysis that followed on from Liddell et all and SluisCremer et al. 2 The results are reported for that proportion of the same cohort who had at least 85% of their service on gold mines and who had worked underground at least 15% of their shifts and are concerned with deaths from lung cancer, chronic respiratory diseases, and ischaemic heart disease (IHD). These specific diseases were chosen for the case-control analysis because there was reason to think that service in the gold mines might contribute to the development of these diseases either due to the years of underground service or due to cumulative dust exposure. Every employee of any mine in the Republic of South Africa who works underground or on the surface in occupations with specified risks (defined by law on the basis of the degree of dust exposure) is legally required to present himself for an initial medical examination at the MBOD for a certificate of fitness for work in a risky occupation. The miner is also required to renew this certificate of fitness each year by a further medical examination. A miner may also request a compensation examination (discussed later), which is carried out at the MBOD. Those miners who were born between 1 January 1916 and 31 December 1930, who attended the MBOD in 1969, and who were known to be alive on 1 January 1970, numbered 5062. Of these, however, a total of 137 did not meet the selection criteria-either they were not employed in 1970 in mines in the area defined above; or they had been referred to the MBOD from outside the designated area.
Subjects and methods
The remaining 4925 miners formed the study cohort. They are known (through estimates from Chamber of Mines records) to be such a high proportion of the men working in the defined area that enumeration must have been virtually complete.3
White miners in the Republic of South Africa are particularly mobile and a proportion of those in the cohort have, as well as service in gold mines, had service in other types of mines. The objective in the case-control analysis was to find the effect of factors associated with service, primarily in gold mines, on the three diseases of specific interest. For the purposes of this part of the study we present the analysis only for subjects who had at least 85% of their service in gold mines as well as at least 15% underground. The proportion of 85% was chosen because it was used in the previous study to indicate that each man had a large proportion of his service in gold mines. From data obtained for the case-control component of this study we found that most (87%) had 85% or more of their service in gold mines and 90% had worked underground for at least 15% of their service; 80% fulfilled both criteria. DATA 
COLLECTION
It was possible to establish the vital status of all but 50 members of the cohort on 31 December 1989-20 years from the date of entry into the cohort. These 50 in the absence of a death certificate or other evidence of death were assumed to be still alive.
Death registration certificates of every person dying in the Republic of South Africa are collected and filed by the Department of the Interior. Each year, they are submitted to the Central Statistical Services where coding clerks allocate to each certificate a rubric (code number) according to the international classification of diseases (ICD). The pCD code number is written on to the death registration certificate and it is then returned to the Department of the Interior for filing. In the first eight years of the study the eighth revision of the ICD code (ICD-8) was used, but thereafter ICD-9 was used. The coding clerks followed the guidelines set out in the World Health Organisation manual for classifying causes of death and allocating code numbers; however, their expertise is limited and they only have information from the death certificate.
Best available information on the cause of each death was also assessed by one of us (GKS-C). This is a considerably more reliable cause of death than that coded on the death certificate for two reasons: the medical knowledge of (GKS-C) is greater than that of the clerks and he had additional information (the clinical notes of the MBOD and the postmortem report).
Under the heading of chronic obstructive pulmonary diseases (COPD) we have grouped together bronchitis, emphysema, asthma, and chronic airways obstruction (ICD codes 490-96), pneumoconiosis due to silica or other dust (ICD codes 500-5) and corpulmonale referred to as pulmonary heart disease (ICD code 416).
METHODS OF ANALYSIS
Subject-years method The first analysis used the subject-years method to calculate the SMRs. Subject-years at risk during the study interval were calculated as described by Breslow and Day.4 The choice of the reference population, the total white South African male population, was restricted by the availability of mortality figures and population estimates in the Republic of South Africa. The Central Statistical Services for the Republic of South Africa publish annual reports on the numbers of deaths and the death rates by race, sex, age, and cause. Mid-year population estimates for white South African men by quinquennial age groups for the 20 single calendar years of the study interval are also published or can be easily estimated from this information. From these rates and from the relevant person-years in view during the study interval, the age and cause specific expected numbers of deaths were found.
The numbers of deaths observed, cause by cause, from the death registration certificate, were counted by age group and year. The observed (Obs) and expected (Exp) deaths, by cause, were summed over each age group for the 20 years of follow up, and the SMR was obtained as 100 (Obs/Exp). The 95% confidence intervals (95% CIs) for the SMRs and P values were evaluated with the Rothman and Boice approximation formulae.45 All these calculations were executed by Dbase programs.
Data on smoking are available for all subjects, and from available records it would also have been possible to obtain complete histories of mining employment but it would have been prohibitively laborious to collect such details for the complete cohort. Thus there was no study of such factors within the first analysis.
Case-control analysis The second analysis was of the case-control form, within the cohort, after the method of Liddell et al I and Sluis-Cremer et aP for the three diseases of specific interest, lung cancer (159 deaths), COPD (160 deaths), and IHD (676 deaths), all according to the best available information.
For each case, with cause of death assessed according to the best available information, a set of controls was selected strictly at random from among all those miners born in the same year as the case and who survived the case. No other matching for risk factors was performed. It was possible that a case could be selected as a control46 for another case-control set if he had outlived the case for that set, and was born in the same year. For practical reasons with the randomisation process to select controls, a subject once selected as a disease control was excluded from reselection as a control for other cases with the same disease, but could be chosen as a control for a case that had died from one of the other diseases studied.
Two controls were selected for each death from lung cancer or COPD but, because there were so many deaths due to IHD it was deemed sufficient to only select one control per case of IHD.
The following possible risk factors were investigated in the case-control analysis. Our choice of a lag period of five years is arbitrary but just as it is impossible for a case to accumulate any dust exposure after death it is also likely that he would not accumulate much dust exposure for the period of illness preceding death due to lung cancer, COPD, or IHD, so the introduction of some lag period is reasonable. As a point of interest the results were calculated for other end points-for example, the start of the study, which is unbiased, and the death of the subject, which is biased-but these results are not presented.
The previous study used as the end point for cumulative dust exposure the date of the last dusty shift worked by the case in the casecontrol set, and for underground years of service the date of the last underground shift worked by the case, which effectively censors the exposure variables of the controls and so is biased towards finding an increased exposure in the case-that is, the relative risk would be calculated higher than it should be.
The number of shifts was divided by 240 to obtain a measurement of mining service in years. This figure was obtained from the data when they occurred so that dates and shifts were both coded.
Dust exposures estimated by thermal precipitator count of respirable mass after acid treatment are used to calculate dust exposure in h-mg/M3 per shift. Multiplying the number of shifts in any of the seven occupational categories by this dust exposure in h-mg/M3 per shift as reported by Beadle7 gives the cumulative dust exposure in h-mg/M3.
We divide this by 1920 hours/year (240 shifts/year at 8 hours/shift) to get the cumulative dust exposure expressed in y-mg/m3 (the mass of respirable dust (mg) after acid treatment per cubic metre of air, multiplied by the hours exposed per shift, divided by the average working hours in a year).
The dust exposure for each of the six dusty categories in gold mines (where 99% of shifts in the case-control study were worked) was assessed to be: The seventh category was for low dust risk in non-gold mines where the dust exposure was assessed as 1P6 that of high dust exposure in a gold mine (036 h-mg/m3/shift).
The effects of both cumulative dust exposure and total duration of underground service were analysed separately, the total duration of underground service provided a surrogate measurement of the miner's lifetime exposure to the low concentrations of radon and Table 1 shows the observed numbers of deaths in the cohort from selected causes and the numbers expected, the SMRs, and the corresponding 95% CIs. Judged by these CIs there was significant excess mortality, compared with the reference population of all white men in the Republic of South Africa, for lung cancer, COPD, IHD, cirrhosis of the liver, and kidney failure. It must be made clear that these figures are based on the causes of death given on the death certificates to make valid comparisons with the deaths in the reference population. Table 2 shows the results of the case-control studies. Risk factors were found by matched case-control studies for lung cancer (ICD = 162), COPD (ICD-9 = 416 + 490-505), and IHD (ICD 410-414), among white gold miners (aged 39-54 in 1970 with at least 85% of service on gold mines and at least 15% of shifts underground).
RESULTS OF THE CASE-CONTROL STUDY
These restrictions resulted in a population in which over 99% of the shifts worked were in gold mines and 88% were underground. Table 2 shows the well established result that smoking cigarettes increases the risk of dying from lung cancer, COPD, or IHD, and that these risks increase the more cigarettes are smoked per day.
Furthermore this study shows the risk from smoking for COPD to be almost twice that for lung cancer.
Not a single case in this study of death due to COPD occurred in a non-smoker, indicating that in this study dust alone was never sufficient to cause COPD but could do so in conjunction with smoking. There were only four non-smokers who developed lung cancer one of whom was a boilermaker with established asbestos exposure. It had been suggested by one of us (GKS-C) that miners with asbestos exposure should be excluded from the study. This would have been difficult as from the design of the study we only obtained the full work history late in the analysis and only discovered details of the work done by the miner in a retrospective examination of the clinical notes.
Underground service only was not shown to increase the risk of lung cancer, COPD, or IHD.
Dust was not shown to increase the risk of lung cancer.
A high blood pressure (either systolic or diastolic) was associated with an increased risk To support the argument that unhealthy lifestyles or habits are at least a major factor for the high SMRs is the fact that the three biggest known contributing diseases to this excessive death rate were IHD, COPD, and lung cancer, all of which are well known to be caused or exacerbated by smoking. This fact has been established yet again by the case-control studies done here. To further support the argument the fourth biggest contributor to these excess deaths is cirrhosis of the liver which of course is associated with excessive alcohol consumption. If one then takes into account the unavoidable dangers of underground mine work shown by increases in deaths due to compensatable diseases like tuberculosis, silicosis, mesothelioma, and mine accidents, and then also takes into account the emotional stress of mine work hinted at by excessive suicide and deaths from peptic ulcers, we will have gone a long way towards explaining this 30% excess in the death rate.
That these miners are heavy smokers is beyond question, 86% smoked at some time of their lives and most of these smokers admitted to having averaged a pack a day (the average smoked varied over the years between 16 and 17 a day). Is this greatly in excess of average cigarette consumption for the rest of South African white males? We have not been able to obtain data to confirm or refute this suspicion. If, as we think, this smoking was really the major cause of the greatly increased SMRs found in this study it would be a major indictment of the habit (as if it needs more) and would lend credence to the suggestion that an antismoking campaign should be targeted at this population.
So much for the usual medical diatribe against smoking; what of dust? This study found that dust exposure during underground gold mining does probably contribute towards the development of COPD. This effect was small and our interpretation is that a further insult was needed to create disease and disability; this further insult here was smoking.
As for exposure to radon daughters, this study showed no direct relation between underground mining and lung cancer and we may conclude that it was either not a concern in these mines or that the effect was so small compared with cigarette smoking that it was not demonstrable. Of course a count of underground shifts may be a very poor surrogate for exposure to radon and this may be a reason for not finding a relation between this radiation exposure and lung cancer. We are planning studies with more detailed data on exposure to radiation to further investigate its relation with mining and lung cancer.
Obesity as measured by the quetelet index was found to be a risk factor for IHD in the previous study and is regarded as a minor risk factor for IHD,910 if only by its association with other risk factors such as hyperlipidaemia, hypertension, diabetes, and physical inactivity,' yet this study has not found any relation that invites comment. Perhaps the pre-employment medical examination excluding notably overweight people from work as a gold miner has reduced the prevalence of obesity in this cohort and resulted in a loss of power of the statistical tests. To refute this argument is the fact that at the start of the study there was a large variation in the quetelet index (range 17 to 44 with mean (SD) 26-8 (4-5)). Hence this lack of a relation remains an unexplained feature of the data. The previous study3 examined the reliability of the ICD codes as given on the death certificate and used to calculate SMRs. Only 3/4 of the codes given on the death certificates turned out to have been correct when these were further examined by GKS-C in the light of clinical notes and necropsy reports (table 3) . Although these codes are accurate for traumatic deaths, they become much less so for other disease processes, although this accuracy is improved by broadening the disease class-for example, cancer instead of lung cancer. Ischaemic heart disease is so prevalent in this community, accounting for over '/3 of all deaths that the codes are accurate for this condition. There is very poor accuracy for conditions such as COPD, renal failure, cirrhosis of the liver, pneumonia, or tuberculosis, with about either 1/3 wrongly coded or 1/3 missed. This inaccuracy is in that segment of the South African population where one would expect the greatest accuracy due to the fact that they have had access to medical care and have been medically examined periodically for all their working lives.
